The objective of the study was to compare 1) the mean micro-shear bond strength and 2) failure mode of cements to metals in nonenclosed and mold-enclosed specimens. Specimens were prepared in mold-enclosed and non-enclosed formats from two RMGIC's and a self-adhesive resin-cement. 3-way ANOVA analysis and Tukey post hoc tests were used to compare mean µSBS results (α=0.05). Failure mode was analysed with Pearson's chi-square test (α=0.05). µSBS was significantly affected by the factors substrate and method (p<0.001) but not by material (p=0.077). There was an interaction between substrate, method and material F (2,144)=3.57, p=0.031, and method and material (2,144)=5.86, p=0.004. All mold-enclosed specimens for the three cements bonded to titanium and non-precious metal exhibited higher (p<0.001) mean µSBS than the non-enclosed specimens. Within this study, mold-enclosed specimens exhibited significantly higher (p<0.001) mean µSBS and adhesive failure compared to non-enclosed specimens.
INTRODUCTION
Micro-shear bond strength (µSBS) is often used to demonstrate the adhesive properties of dental materials and adhesives to different substrates [1] [2] [3] [4] [5] [6] [7] [8] [9] . Micro-shear bond strength tests are influenced by a number of factors including the thickness of adhesive layer, size of bond area, cross-head speed, the mechanical properties of the adherand and adhesive and de-bonding procedure [10] [11] [12] . Bonding to dentin and enamel introduces further variables in bond strength tests as their composition is not uniform compared to substrates such as ceramics and metals used in dentistry [13] [14] [15] . It is recognized that the shear bond strength test causes non-uniform stress distributions, not only across the adhesive interface, but also within the various materials and substrates that are used in laboratory tests 16, 17) . Micro-shear bond strength failure is also attributed to crack initiation by tensile forces as well as shear forces which implies that a fracture mechanics approach may also be important 18) . Van Noort have described how the application of a "compressive shear load" during a shear bond strength test results in highly non-uniform stresses 16) . Various methods including the wire loop have been used in efforts to attempt to evenly distribute stresses associated with shear loads in adhesive systems 2, 13, 14) . Like most bond strength tests macro-and micro-SBS tests also result in a mixture of cohesive, mixed and adhesive failure modes. This demonstrates that the final bond strength is a result of the bond present at the interface, and the cohesive strength of the cement, composite or adhesive and therefore should be questioned for its ability to demonstrate 'true adhesive strengths' 2) . To further add variability during µSBS tests, the properties of the composite affect the stresses across the bond interface 17) . Van Meerbeek et al. demonstrated a new macroshear bond strength (mSBS) test apparatus that utilized a metal mold to enclose the resin composite specimen and adhesive, bonded to dentin 11) . The contact area for the adhesive was restricted to the area inside the mold and the mSBS in this test was determined by applying a force directly onto the metal mold, compared to more common methods of applying the force directly onto the material itself. To date no studies have used this new test apparatus or method for determining µSBS of adhesive dental materials.
Analysis of µSBS tests has shown that forces other than shear can easily be introduced into the test procedure 17) . Other studies have found that tensile stresses peaked at the point of contact between the loading device and the specimen, and that this could be reduced by minimizing the length of the specimen as well as keeping the loading point as close as possible to the interface 19) . At a distance of 0 mm from the interface (i.e., directly against the interface) the tensile forces were calculated to be minimal, whereas if the specimen was loaded over only one-tenth the length of the specimen the tensile forces are maximized 19) . Wire loop methods have been employed to de-bond the specimen in µSBS tests 12) . Finite Element Analysis (FEA) studies of the wire loop method for shear tests have indicated that it distributes the interfacial stresses 20, 21) . However, a wire loop only interacts with the specimen on the surface tangent to the wire in relation to the specimen. Furthermore the wire loop itself can only be placed a distance equal to its radius from the interface, and the point of contact is a curved surface produced by the wire. The application of a square shaped wire is more suitable as the shape allows the wire to be placed directly (i.e. L=0 mm) next to the interface 22) . During µSBS tests it is also difficult for the researcher to ensure the wire is placed as close to the interface as possible. In comparison a blunt shear knife is very easily placed directly against a substrate in order to create a desirable distance (L) of 0 mm from the substrate. However, a shear knife applied directly to a dental material has been shown through FEA studies to contribute to localised stresses in µSBS tests 2, 17) . The importance of restricting the adhesive specimen to the bond interface has been shown previously by unrestricted adhesive surface areas demonstrating higher bond strengths than restricted 24, 25) . Furthermore it has been demonstrated that it is critical for a SBS specimen to have peripheral edges that are perpendicular to the substrate, i.e. lacking evidence of radius defects 14, 16, 21, 23) . A further FEA study established a loading distance of 0.1 mm for a µSBS test in order to minimize stress concentrations (e.g. maximum shear and tensile stress) however achieving this distance reliably in a laboratory test could prove difficult, especially when using the wire loop method 17) . Micro-tensile testing has been shown to rank stronger adhesives more accurately compared to µSBS test, although it is well known that the specimen preparation for micro-tensile tests are inherently more complex than for the µSBS 25) . A recent review of pooled bond strength studies demonstrated the extensive occurrence of nonadhesive failure modes in shear bond strength studies on adhesives to dentin 14) . The study found a greater incidence of cohesive failure (45%) for macro-shear compared to micro-shear (13%), and concluded that under greater magnification (i.e. >10-30× or scanning electron microscope) a researcher may interpret more adhesive failure mode as cohesive or mixed. Depending on the adhesive system tested, pooled data showed micro-shear bond tests could produce mode of failure patterns ranging from 100% adhesive to a mixture of adhesive, cohesive and mixed failure modes. There is a requirement for a µSBS test method to produce as many instances of adhesive failure in order to provide relevant information on this interfacial adhesive property as both mixed and cohesive failures include the substrate and material properties in addition to the interfacial adhesive properties.
The aim of this study was to 1) compare the mean µSBS and 2) bond failure mode of three luting cements to two metals in non-enclosed and mold-enclosed specimens. The null hypotheses tested were that 1) there were no differences in the mean µSBS of the nonenclosed and mold-enclosed specimens, and 2) there were no differences in the mode of failure of non-enclosed and mold-enclosed µSBS cement specimens.
MATERIALS AND METHODS
The types, brand names, manufacturers' details, lot numbers and chemical composition of the metal substrates and cements are detailed in Tables 1 and 2 . These materials were included as they are recommended for bonding to metal surfaces.
Samples of titanium (Titanium grade 1, Titanium International, Koolaroo, Australia) 5.5 mm×5.5 mm×15 mm long and non-precious metal (Wironit, Bego USA, Lincoln, RI, USA) 8 mm diameter ×15 mm long were embedded in epoxy casting resin. Using wet grinding, the metal surfaces were surfaced with 300-and 600-grit silicon carbide paper (Norton, Saint Gobain, Les Miroirs, France) on a polishing machine (Phoenix Beta, Buehler, Lake Bluff, IL, USA). Metal surfaces were air-abraded with 50-µm aluminium oxide particles (ALOX 50-µm, Argibond, Cheltenham, Australia) at an air pressure of 0.5 MPa for 4 s from a hand-held abrading device (Microetcher II, Danville Materials Inc, San Ramon, CA, USA). Substrates were washed in ethanol, dried with oil-free air and examined for surface inconsistencies and defects with a stereomicroscope at 20× magnification (Model M205C, Leica Microsystems, Wetzlar, Germany).
Any such specimens were discarded. Finished substrates were stored at room temperature in plastics boxes for 24 h.
Mold-enclosed specimen preparation
Prepared metal substrates were placed into a shear bond apparatus (SDI Shear Bond Strength Rig, SDI Limited, Bayswater, Vic, Australia). A 1.00 mm 2 bonding area stainless steel mold was placed centrally onto the metal substrate, and the top plate of the rig placed on to the mold in order to hold the mold down onto the metal substrate. Final adjustment of the metal substrate was made to ensure the mold was seated correctly onto the metal substrates. Two millimetres of the end tip section of the Fuji Plus capsule was removed with a blade to enable the 20-gauge tube to be inserted. The Rely X Unicem capsule outlet nozzle was slightly larger than the 20-gauge tube and required teflon tape to be placed around the outlet of the nozzle to ensure a correct seal with the stainless steel tube. For the Riva Luting Plus capsules the stainless steel tube was able to be pushed directly into the end of the outlet nozzle. Capsules with tubes inserted into their nozzles were activated and mixed according to the manufacturers' instructions. A small amount of cement was extruded onto a mixing pad prior to inserting the stainless steel tube directly into the mold (Fig. 1a) . The 20-gauge tube was positioned to ensure that adequate contact was made with the metal substrate and cement was extruded directly into the mold as the tube was retracted (Fig. 1b) . After cement placement a disposable brush (Point medium; SDI Limited) was used to smooth the exposed cement Micro-SBS specimen preparation for non-enclosed and mold-enclosed specimens. a) Enclosed specimen preparation apparatus connected to metal substrate. b) Inserting cement into metal mold to form a mold-supported micro-SBS specimen. c) Mold-enclosed micro-SBS specimen on metal substrate after removal from apparatus. d) Mold-enclosed micro-SBS specimen prior to de-bonding by direct application of the 0.2 mm blunt shear knife onto the mold. e) Nonenclosed specimen preparation apparatus connected to metal substrate. f) Inserting cement into mold to form a non-supported micro-SBS specimen. g) Non-enclosed micro-SBS specimen on metal substrate after removal from apparatus. h) Non-enclosed micro-SBS specimen prior to de-bonding by direct application of the 0.2 mm blunt shear knife onto the specimen.
surface at the top of the mold. The cements were placed into the molds within 90 s from the start of mixing. The rig containing the metal substrate and cementfilled molds were placed into black plastics boxes filled to a level of 10 mm with deionized water. Two rigs were placed into each plastics box. The boxes were closed and placed into a 37ºC oven for 1 h.
A stainless steel tube was used to apply slight pressure onto the top of the cement in the mold while the rig's top plate was removed. The metal substrates with attached molds filled with cement ( Fig. 1c) were fully submerged into deionized water and stored for a further 23 h prior to the de-bonding procedure. A total of 15 samples were prepared for each group.
Non-enclosed specimen preparation A 1.13-mm internal diameter (1.00 mm 2 cross sectional area) plastic mold was machined from acetal polymer (Delrin TM , Dupont, Wilmington, Germany) to fit the shear bond strength holder (Ultradent Products Inc., South Jordan, UT, USA). The mold was inserted into the holder and clamped down onto the metal substrate by tightening the two brass nuts (Fig. 1e) . Capsules were activated, mixed, and cement extruded into the plastics mold by the methods described for the mouldenclosed specimen preparation (Fig. 1f) . After extrusion into the mold, excess cement was removed from the top of the mold by a disposable brush.
The holders containing the metal substrate and cements were processed as detailed above as for the enclosed specimens. A total of 15 samples were prepared for each group.
De-bonding procedure A universal mechanical testing machine (Instron 5942, Norwood, MA, USA) with a 500-N load cell was fitted with a hardened stainless steel shear blade. The shear blade surface in contact with the specimens was flattened to a width of 2-mm wide which provides a blunt shear edge for specimen de-bonding. The metal substrates embedded in epoxy resin were placed into a stainless steel holder and a 4-mm diameter securing bolt was tightened to firmly hold the specimen (Fig. 1d and  1h) . A pencil mark was placed on the epoxy surrounding the metal substrate to show the direction of the shear knife. Metal substrate surfaces were positioned parallel to and directly against the shear knife, ensuring that there was no gap (i.e., L=0 mm) between the shear knife and the metal surface. The cross-head was advanced to within 1 mm of the specimen, taking care not to contact the specimen. The shear knife was used at cross head speed of 1 mm per min to break the adhesive bond. Shear bond strength (MPa) was calculated by dividing the maximum breakage force (N) recorded from the mechanical testing machine divided by the cross sectional area (mm 2 ) of the bonding surface.
Failure and stereomicroscope analysis
The metal substrates were examined at 80× magnification (Leica Model M205, Wetzlar, Germany) to describe failure modes and provide information on possible fracture paths. In order to determine the predominant mode of failure for each type of test, the failure mode was classified into three categories: a) adhesive, i.e., no remaining cement on the bonding surface; b) cohesive in the cement; c) mixed, i.e., partly adhesive and partly cohesive in the cement. Representative substrates and cement specimen surfaces were analyzed by an environmental scanning electron microscope (Quanta 200 ESEM, FEI Company, OR, USA). Carbon tape was used to connect the edge of the metal substrate to the movable platform in the ESEM chamber. Images were taken at 10 kV under low pressure mode with a spot size of 2.0 µm under 150× magnification in order to characterize the failure mode in more detail.
Statistical analyses
Data were analyzed with a commercial statistical analysis software package (SPSS PASW Statistics V18; SPSS Inc, Chicago, IL, USA). Three-way ANOVA was used to compare mean µSBS results using factors substrate, method and cement. Tukey post hoc tests were performed to determine differences in groups. Failure mode was analyzed with Pearson's chi-square test. Significance level of p<0.05 was used in all tests.
RESULTS

Mean µSBS for groups and
homogenous subsets (p>0.05) are shown in Table 3 . Results of three-way ANOVA for µSBS data are shown in Table 4 . µSBS were normally distributed for all test groups except Titanium mold-enclosed and Non-precious non-enclosed RLP, as assessed by Shapiro-Wilk's test (p<0.05). The µSBS was significantly affected by the factors substrate 
Micro-shear bond strength Titanium substrate
Pre-bond failure specimens were excluded from the µSBS calculations as they were due to removal of cements from the molds or test rigs. The mean µSBS results for specimens bonded to titanium are shown in Table 3 and Fig. 2a . For both RMGIC and the resin cement, the mold enclosed cement specimens exhibited significantly higher (p<0.001) mean µSBS compared to non-enclosed specimens. For non-enclosed specimens, there was no significant difference in the mean µSBS to titanium. The highest bond strength for non-enclosed specimens was observed with the resin-cement (10.8±2.7 MPa) although this was not significantly different from the other cement results. For mold-enclosed specimens, the observed bond strengths were more than double the value observed for the non-enclosed specimens for each of the cements. The highest bond strength was observed with RLP (28.2±7.9 MPa) although this was not significantly different from the other cements.
Micro-shear bond strength non-precious metal substrate
For non-precious metal, the mold-enclosed specimens for the three cements exhibited higher mean µSBS than the non-enclosed specimens (Fig. 2b, Table 3 ). Significant differences (p<0.001) were found when comparing the mold-enclosed and non-enclosed results for each cement. The highest non-enclosed µSBS was resin cement (RX); (9.83±2.0 MPa).
For mold-enclosed specimens, the highest mean µSBS to non-precious metal was that of RMGIC (RLP) (33.6±2.8 MPa), which was approximately four times the value (8.29±2.2 MPa) observed from non-enclosed RLP specimens. This trend was repeated with the second RMGIC (FP) which achieved a mean µSBS of (23.0±5.9 MPa), which was over three times the bond strength achieved with non-enclosed FP specimens (5.92±1.5 MPa). This trend was not seen with the resincement (RX) bonded to non-precious metal. Although Table 5 The incidence of failure mode (%) (A=adhesive, C=cohesive, M=mixed) and sample size (n) the mean µSBS for RX demonstrated significant differences (p<0.001) for non-enclosed and moldenclosed samples, the mold enclosed result (26.2±4.5 MPa) was less than three times the result found for the non-enclosed (9.83±2.9 MPa) specimens.
Failure mode analysis
The mode of failure for each test method was determined through stereo microscope analysis (80×) is shown in Table 5 . Four of the six test series exhibited a significant difference (p<0.05) in mode of failure between nonenclosed and mold-enclosed specimens. Figure 5a-5g show SEM images of typical failure modes imaged at 150× magnification. For titanium substrates, both test methods (nonenclosed and mold-enclosed) exhibited a combination of adhesive and mixed failure mode for each RMGIC and resin cement. RX specimens showed predominantly mixed failure mode (86%) in non-enclosed specimen tests, which was significantly different (p=0.007) from the mold-enclosed adhesive failure rate (43%). For FP, mold-enclosed specimens exhibited higher adhesive failure (87%) compared to the non-enclosed specimens (25%) which was highly significant (p=0.001). RLP mold-enclosed and non-enclosed specimens showed no statistical difference in the failure mode (p=0.734).
For non-precious metal both RMGICs and the resin-cement non-enclosed specimens failed predominantly in mixed mode, whereas there was a combination of mixed and adhesive failure modes for the mold-enclosed specimens. FP and RX in mold-enclosed specimens exhibited adhesive failure (87% and 71%) which was highly significantly different (p<0.001) from non-enclosed results. RLP exhibited an adhesive failure rate (29%) of the mold-enclosed specimens which was not significantly different (p=0.057) from the non-enclosed specimens. Only a very small amount of adhesive failure was observed for the non-enclosed specimens bonded to non-precious metal, which predominantly failed in mixed mode.
The total percentage failure rate for each test method (non-enclosed and mold-enclosed) is shown in Fig. 3 . For non-enclosed specimens, 85% of failures were rated as mixed and 15% as adhesive. For moldenclosed specimens 43% of specimens were rated as mixed and 57% were rated as adhesive, which was determined to be a statistically significant difference (p<0.001). Both test methods resulted in no specimens failing cohesively in the cement.
DISCUSSION
The null hypothesis that there are no differences in the mean µSBS of the non-enclosed and mold-enclosed specimens was rejected. Mold-enclosed micro-shear bond strength specimens exhibited statistically higher (p<0.001) instances of adhesive failure compared to non-enclosed specimens. The null hypothesis that there were no differences in the mode of failure of nonenclosed and mold-enclosed µSBS cement specimens is also rejected (p<0.001).
It is important to be aware that this study compared bulk cement µSBS and failure mode with the intention of assessing one adhesive interface between a substrate and a cement. In many studies which deal with bond strength testing, bond strengths are evaluated after some kind of fatigue processes. A further limitation of this study is that it neglects to study issues such as hydrolytic degradation, effects of thermal expansion, water absorption and other situations that may affect the outcome is fatigue testing was performed prior to the test. It has been previously reported that during a tensile test the maximum stresses found at the fillet for a cylindrical specimen were in the order of two to three times greater than those found at the interface between the composite specimen and the dentin 26) . Furthermore, it has been found in µSBS tests that the bonding area should be limited to the cross-sectional area of the bonded area 25) . Defects in this "fillet" region would potentially initiate crack propagation, leading to tensile failure of the system. It is important to ensure that the perimeter of the specimen is substantially perpendicular to the substrate surface and defect-free in all bond tests. As can be seen in Fig. 4a , a typical non-enclosed specimen will have some form of fillet on the perimeter of the surface which is in contact with the substrate. This non-ideal feature as observed in other studies 26) could be caused by the wetting action or interfacial interactions between the metal substrate surface (e.g., porosity/surface energy effects) and the various cements. Any defect in this area could contribute to crack initiation, hence a µSBS test method should aim to eliminate or at least minimize these physical characteristics of the interface. In contrast Fig. 4b demonstrates a mold-enclosed specimen after debonding which shows it would not be possible to identify these defects if they did exist within the surface of the adhesive in contact with the mold in moldenclosed specimens. Ideally a test would compensate for these defects in order to minimize their effects of the µSBS result. In practice this may not be possible to eliminate at the substrate interface, in this case metal, which is not a perfectly flat surface. After surface preparation, at high magnification (>1,000×) it can be seen that the metal surfaces are significantly affected by the action of the aluminium oxide particles, and could possibly give rise to an unavoidably non-uniform specimen region around the base of the mold in both non-enclosed and mold-enclosed specimens. It could be assumed that this would be present in both non-and mold-enclosed specimen configurations.
Dehoff et al., in an FEA study, have described the interfacial stresses during a shear bond test using the wire loop method 20) . Figure 5a and 5b show a moldenclosed specimen with mixed failure mode; adhesive in the centre of the specimen and cohesive around the perimeter of the specimen indicating non-uniform stress distribution during this specimen debonding procedure.
Figure 5c and 5d demonstrate a mold-enclosed specimen where small regions exhibited cohesive failure within the cement and other regions adhesive failure. Figure 5e also shows mixed failure mode in a non-enclosed specimen, indicating the existence of pre-existing voids that could contribute to premature debonding situations that that will not represent the true µSBS of the cement. Figure 5f and 5g demonstrate what appears to be adhesive failure mode of a moldenclosed specimen at 150× magnification.
Van Noort described the need for wire loop methods to use a jig to standardize the point of load 16, 21) . The FEA analysis of shear load shows how different the loads are applied at the point of contact compared to the other regions in the specimen 16, 21, 23) . The point of load is typically where the highest stresses are presented on the substrate, so a more meaningful test would aim to minimize or distribute this concentrated stress across the adhesive interface itself which was the aim of a wire loop test. The wire loop test utilizes non-enclosed specimens, so it would be foreseeable that during the µSBS test the specimen could deform as the load was applied. This deformation of the specimen prior to the bond breaking could influence the final result by absorbing or transferring stresses away from the adhesive interface into the bulk material of the specimen. As the mold-enclosed specimens are inherently restricted by the inside diameter of the mold, any deformation due to an applied force would be minimized. It should be noted that this assumes the metal mold is not deformable at the level of forces applied by the blunt shear knife. In considering the different mean µSBS observed from non-and mold-enclosed tests, it has to be considered why the mold-enclosed results were so much higher (p<0.001) that the non-mold-enclosed results. Application to a non-deformable metal mold could potentially reduce the effects of bending moments or damage to the cement at the contact area of the shear knife. This could have reduced the occurrence or effect of crack initiation in this type of µSBS test.
More recently a macro-SBS test has been developed that uses a "U" shaped notch machined into a tool to de-bond non-enclosed specimens 27) . Currently, it is not possible to use this apparatus for µSBS tests. The point of contact provides a much more reliable method of reliably locating the shear load with reference to the substrate surface, and allows the user to consistently achieve a distance (L) of 0 mm, minimizing bending moments that contribute to other tensile stresses 19) . However other major issues, such as alignment of the specimen into the "U" section notched knife provide additional challenges and could also cause inconsistencies between each specimen during the debonding process.
In practical terms, the shear knife used in this study is the simplest method to de-bond a µSBS specimen. The specimens are extremely small and fragile, and it is preferably that minimum contact occurs with the specimen prior to the shear load being applied. During the use of a shear knife, the operator only needs to place the shear knife directly against the substrate, i.e., there are no alignment issues that need to be considered. The use of a "mold" to enclose a specimen could in theory distribute the point load of a 0.2-mm blunt shear knife around the mold in order to minimize any concentrated shear stresses associated with a shear knife being placed directly onto a specimen. For this µSBS method, a full FEA analysis on the mold-enclosed µSBS method would be required to be performed in order to establish this and comparisons made with other studies 17, 20, 28, 29) . Furthermore, the use of a mold-enclosed specimen format eliminates the requirement to remove the specimen from the mold, potentially reducing the amount of pre-test failures observed when separating µSBS specimens from a mold for non-enclosed specimens.
Currently there is no standard method of reporting pre-test failures in bond strength studies on human dentin, enamel or other substrates commonly studied for dentistry 16) . A recent review suggests these specimens be reported with a defined value and other tests have suggested these be designated a zero value 30, 31) . Another extensive review reported that bond strength studies suggest samples which fail cohesively in dentin (possibly caused by errors in sample preparation) should be removed from the data set 2).
Scherrer et al. concluded including broken specimens added to the scatter of bond strength data 7) . As all pretest failures in this study occurred at specimen removal from a plastic mold (non-enclosed specimens) or removal of the µSBS mold (mold-enclosed) from the rig it was decided not to include these specimens in calculation of the mean µSBS and failure mode analysis.
The advantage of µSBS is that it is relatively easily performed compared to the micro-tensile in terms of specimen preparation and testing. For example, the µSBS test does not involve cutting of square sectioned pieces that are required in the micro-tensile test. The sectioning process, and adhesive process to connect the micro-tensile specimens to the testing machine are more complex and prone to operator error compared to the µSBS test method where sectioning is not required and specimen alignment is more easily performed. Only two tests (both mold-enclosed) achieved zero pretest bond failures which were determined to be caused by operator error. Hence the requirement for simple µSBS tests, where very small and fragile specimens are easily achieved on a substrate surface without pre-test specimen de-bonds is necessary.
Most reported µSBS test results exhibit some form of adhesive and mixed failure modes for de-bonded specimens [3] [4] [5] [6] [7] 24, 25, [32] [33] [34] .
In order for a µSBS to provide meaningful results directly related to the interfacial shear stresses, these tests should aim to provide as many adhesive failures as possible 2) . Stereo-microscopic analysis as performed in this study at a magnification of 80× does provide a clear picture of the resultant bonded area after a test has been performed, however this analysis does not replace the detailed result of a scanning electron microscope, which will more clearly distinguish between a cement (low density) and metal (high density) in order to establish the type of failure mode. A scanning electron microscope magnification of 200×, or more preferably 400× is more accurate in determining the adhesive failure mode of a µSBS test. As the entire cross-sectional area for a typical µSBS test cannot be shown on a single 400× SEM image, this may not be a practical. However this type of failure analysis may require a significant reassessment of what is commonly classified as "adhesive" failure as the closer a substrate surface is examined, the higher probability of finding some form of cohesive failure e.g. macro and micro tags 22) .
CONCLUSIONS
Within the limitations of this study, mold-enclosed specimens exhibited significantly higher (p<0.001) mean micro-shear bond strengths compared to nonenclosed specimens, when de-bonded with a blunt edge shear knife. The null hypothesis that there are no differences in the mean µSBS of the non-enclosed and mold-enclosed specimens was rejected. Moldenclosed micro-shear bond strength specimens exhibited statistically higher (p<0.001) instances of adhesive failure compared to non-enclosed specimens. The null hypothesis that there were no differences in the mode of failure of non-enclosed and mold-enclosed µSBS cement specimens is also rejected.
